Intrauterine contraceptive devices (IUDs) have become established internationally as an effective modem method of contraception on both a national and an individual basis. An extensive series has been published by Tietze (1963) from America, two much smaller series from this country by Frith (1966) and Mills (1965) , while a most comprehensive WHO Report (1966) deals with every aspect of this rapidly expanding subject. The present communication describes the personal experience of a single gynmcologist over a period of twenty-seven months.
The organization and method have been set out elsewhere (Mills 1965) . Insertions have been made in the outpatient departments of two hospitals (teaching and regional) personally and by a number of doctors trained or supervised by myself. Patients have been referred by family doctors and many have required contraceptive advice for medical rather than social reasons. Very few applicants were rejected. Nulliparous women were discouraged although a few were successfully fitted. The only absolute contraindication has been a diagnosed pregnancy. Such conditions as small fibroids, CQsarean scars and alleged cervical incompetence seemed immaterial but cases of known recent pelvic inflammation would probably have been rejected. Fittings were made at any time in the menstrual cycle. A few were done within a week of childbirth, at curettage or even at the evacuation of a pregnancy.
The type of device inserted depended largely upon availability but certain patterns emerged. The Birnberg bow (which could not so easily be removed) was not used for patients requesting fitting for short periods of time but it became the device of choice for refitting following expulsion of some different kind. The Margulies spiral (later known as the Gynmkoil) was withdrawn after 90 fittings and re-issued (with nylon thread instead of stalk) as the Ortho coil. The Reid spiral was an experimental coil made of somewhat softer material but without the radiopacity of the other types. The Saf-T-Coil was prepacked with a disposable introducer tube. The Birnberg bow (No. 5) was inserted with a special applicator significantly wider and stiffer than the other introducing tubes.
The fitting was made as simple as possible. The Sims position was used and a cytology preparation taken before applying spirit to the cervix. A sound was used to confirm direction of the cervical canal but on only two occasions was a dilator needed. Every effort was made (perhaps unwisely) to avoid use of the volsellum, except with retroflexions and the Birnberg bow. The only failure to fit was a patient whose cervix had been conized and would not admit a fine probe. The degree of discomfort was most variable and seemed to depend as much upon psychological as physical factors. It could be described as virtually painless in at least half the patients but a few experienced quite severe pain and some syncope. This invariably passed off and the device was not removed on this account, although the possibility of perforation was always considered. A routine follow up in three months was advised, but after some experience had been gained regarding the incidence of extrusion, patients were given a 'hand out' advising them to examine themselves for possible extrusion after each period or abnormal pain or bleeding. Table 1 summarizes the work of the clinics and the 'woman-years' of use reflects the sequence in which the devices became available for insertion. The headquarters of the trial was the Birmingham and Midland Hospital for Women but a signifi-9 389 Table 2 shows that 44 out of 1,082 patients appeared to conceive a pregnancy in the uterus after a device had been fitted. Two were in fact pregnant already, one knowingly (she miscarried) and the other from a fitting on the 26th day of cycle (she carried the baby to thirty-five weeks in a pregnancy complicated by antepartum hwmorrhage), The 13 pregnancies associated with extrusion were in the earlier months of the series and these should be avoidable. The figure for perforations may well be inaccurate as this complication was only diagnosed in those 4 patients who subsequently became pregnant. The possibility of perforation of the uterus makes it highly desirable that all devices should be radiopaque. Both the ectopic pregnancies occurred in the third month: one was fimbrial and the other interstitial. The pregnancy rate for each device (supposedly in place) is shown in Table 3 , with the Margulies spiral giving the best result. The period of use prior to pregnancy is given in Table 4 but it should be noted that the early incidence is not so dramatic when the 13 pregnancies associated with extrusion of the device are omitted.
Results
In Table 5 can be seen the fate of the 44 pregnancies. The high rate of termination was due in part to the medical indications for insertion and in part' to the intensity with which some of these pregnancies were rejected. This emotional disturbance was similar to that observed in patients pregnant following operations for sterilization. It was: not seen to such an extent in patients who 7fJ had been given the printed 'hand out' giving details of possible complications. Table 5 also shows a high rate of spontaneous abortion in pregnancies with the IUD (generally the bow) still in place, but it does not answer the question regarding the probability of abortion if an IUD should be removed early in pregnancy. Second only to pregnancy in its emotional impact on the patient is the spontaneous extrusion of her IUD. Extrusion would appear to be due in most cases to active uterine contraction rather than to any lack"' of resistance or' incompetence of the cervical os and the device will often show considerable deformity in consequence. Table 6 shows that 87 devices were extruded and Table 7 gives the frequency for each device, while Table 8 demonstrates that although the vast majority of such extrusions occurred in the first six months of use, late extrusion remains a possibility. The Birnberg bow seems to possess a notable immunity in this respect, despite the fact that it was usually fitted when an extrusion had already occurred. presumed to be satisfactorily in place. In addition to the 87 extrusions there had been 50 deliberate removals and 2 hysterectomies for symptoms regarded as intolerable by the patients. Ten others had' been removed (largely with the idea of starting another pregnancy which incidentally seemed to present no difficulty) and 2 hysterectomies done for other indications. The figure of 27 'associated with pregnancy' in Table 6 represents the 44 pregnancies less the 13 extrusions and 4 perforations.
The 'medical' removals are shown in greater detail in Table 9 and require some explanation. The figure for the Margulies spiral is inflated by a number of complaints from husbands who sustained a greater or less degree of penile trauma from the sharp end of the stalk which was also found-embedded-in the cervix or vaginal fornix on a few occasions. The number of removals could-easily have been'doubled had devices been removed whenever troublesome bleeding took place. It was the policy of the clinic to persuade patients to retain them for as long as possible in the hope that uterine bleeding would revert to a more normal pattern, which it frequently did within three months. On some occasions progestational steroid preparations were prescribed and a few patients received a compound containing vitamins C, K and P.
Discussion
One cannot fail to be impressed, in work of this sort, by the letters of appreciation from patients who may speak of its benefits in quite extravagant terms. On the other hand there is an undercurrent of minor complaints including abnormal bleeding, discharge, pain and perhaps pruritus, seldom sufficient to warrant removal of the device but enough to challenge any complacency about the method. Serious complications have been few but there may be an element of good fortune or perhaps failure of communication. Pelvic infection has never been proved but one probable case has been reported; on other occasions a mucopurulent discharge has been treated successfully with antibiotics. It is difficult to establish exact criteria for valid diagnosis as any subsequent pelvic inflammatory episode may be attributed to the IUD rather than to an exogenous infection; nevertheless, there is a strong suggestion that the insertion of an IUD may cause exacerbation of a previous pelvic infection of recent origin, although endometrial biopsies and hysterectomy specimens do not generally show any sign of endometritis.
The problem of perforation of the uterus by the device (almost certainly at the time of insertion) is difficult to solve. The records of the 4 known cases do not show the anticipated predisposing factors of puerperal fitting, acute retroflexion and inexperience. The occurrence of transient syncope at fitting is suggestive but its incidence was perhaps 5 %, over 10 times the known rate for perforation. An X-ray hysterogram will diagnose perforation most surely although an easier method is to take an X-ray with a uterine sound in the cavity. Neither of these is applicable during pregnancy, so that if an IUD fails to come away with the placenta and membranes a radiological diagnosis of its exact location will be required without delay, especially if puerperal sterilization is to be done. Of the 4 known perforations two devices were removed at the time of sterilization and one at abdominal termination of pregnancy; one remains in the abdominal cavity. No harm has been observed personally (apart from the failure of contraceptive action) but one case of intestinal obstruction has been reported elsewhere (Thambu 1965) . There is also the problem of uncertain location of the device whose threads no longer emerge from the cervix. In most cases it will be satisfactorily in place, having drawn up the threads by rotation within the uterus; a few will have been extruded and passed unnoticed from the vagina or perhaps even perforated. The use of a uterine sound to palpate the device as an outpatient procedure will sometimes avoid the need for an X-ray.
One final problem requires emphasis. The patient with an IUD is certainly liable to episodes of pain or bleeding associated with her contraceptive but she is in no way immune from other aspects of pelvic pathology. Two patients were admitted as emergencies by their family doctors under the mistaken impression that they would be more liable to ectopic pregnancy and in each case some other pathology was found. There remains the risk that abnormal bleeding or pain might be falsely attributed to the IUD with consequent failure to diagnose promptly some more serious condition.
Conclusions
The use of radiopaque plastic IUDs would appear to be a satisfactory form of contraception for a high percentage of women. Further work will be required before the ideal design has been achieved and the present unacceptable failure rate eliminated. The possibilities of uterine perforation, of serious exacerbation of pelvic infection and of provoking troublesome bleeding are sufficient to make this technique the proper concern of gynecologists, while particular care is necessary in patients with IUDs to ensure that symptoms caused by some other pelvic pathology are not falsely attributed to the contraceptive. The development of modern intrauterine devices has led to a spectacular increase in their clinical use and to a corresponding expansion of research into their effects and mode of action.
Most of this research stems from a short paper Doyle & Margolis published in 1963. In it they reported that a minute piece of silk suture inserted into one horn of the rat's uterus and lying freely in its lumen, could effectively sterilize that horn, without affecting the animal's general well-being, cestrous cycle or fertility in the other horn.
In the three years since the appearance of this report a large number of experimental studies have been carried out in at least ten different mammalian species. Moreover, so many different devices and experimental approaches have been employed in this research that the significance of the large body of information now available is difficult to assess. In this paper an attempt is made to give a brief, comprehensive survey of this field, with special reference to primates; more detailed accounts are given elsewhere (Marston & Kelly 1966 , Eckstein et al. 1967 . Throughout, intrauterine devices of whatever material, shape and consistency will be referred to as 'IUDs'following the recommendation of a recent WHO Study Group (1966) .
The Principal Points ofAction ofIUDs in Lower Mammals
Among the species that have been adequately studied, two main patterns of response to IUDs can be observed, one represented by rodents and, with minor variations, the rabbit, ferret and primates, the other by ruminants (Table 1) . Rodents: In rats and mice there appears to be no interference with ovulation, sperm transport, fertilization, tubal transport and early cleavage of the ovum; the contraceptive action of the IUDs becomes manifest only when the ova enter the uterus. The effect can be reversed by removing the foreign body some time before implantation, for instance, up to day 4 (or one day before nidation) in the rat (Doyle & Margolis 1964 , Marston & Chang 1965 . There is good experimental evidence that the contraceptive activity of IUDs in rodents is due, at least in part, to suppression of the decidual transformation of the endometrium and, consequently, prevention of implantation (Margolis & Doyle 1964) . Another factor may be stimulation of uterine motility, leading to, the
